Objective. Systematic review of literature on patient-reported voice handicap following T1 glottic squamous cell carcinoma treatment using transoral laser microsurgery or radiation therapy.
S quamous cell carcinoma of the head and neck arises most commonly in the larynx, 1 and approximately 75% of cases involve the glottis. Most glottic squamous cell carcinoma cases (75%-80%) present at an early stage 2 and may be treated by surgery or radiation therapy (XRT) as a single modality. While open surgical procedures are an option, transoral microsurgery has become the technique of choice; this may utilize cold techniques or a variety of lasers (most commonly, the carbon dioxide laser). XRT and transoral laser microsurgery (TLM) are generally thought to have comparable oncologic and survival outcomes. 3 Therefore, decisions regarding use of XRT versus TLM have focused on other factors, including quality-of-life outcomes, particularly those related to vocal function.
In a 2006 publication, Cohen et al 4 compared Voice Handicap Index (VHI) outcomes of treatment of early glottic carcinoma with XRT and TLM using a fixed effects model meta-analysis of 6 studies. This included 4 case series of patients treated with either XRT alone or TLM alone; there were few comparative studies available for inclusion at that time. More recently, Higgins et al 5 performed a literature review, with meta-analysis comparing objective voice outcomes, videostroboscopy findings, and GRBAS scoring across treatment types; comparative studies and single-treatment arm studies were included, and VHI data were not among the outcomes.
The objective of this study was to perform an updated systematic review and meta-analysis of voice outcome data for T1 glottic carcinoma given the more recent publication of several papers reporting VHI outcomes for both treatment types. To reduce clinical heterogeneity and maintain methodological rigor, this study focused only on the results of patients with T1 tumors and limited meta-analysis to comparative papers that reported outcomes from both treatment types.
Materials and Methods

Outcome Measure: Voice Handicap Index
The VHI is a patient self-reported instrument in broad use; it has been translated into (and validated for use in) many languages. The VHI consists of 30 questions spanning functional, physical, and emotional subdomains. The total score ranges from 0 to 120, with a lower score indicating a less severe patient-reported voice-related handicap. 6 The VHI-10 is a shorter version consisting of 10 questions selected from the original VHI, with a scoring range of 0 to 40. This has similarly been shown to be valid and responsive to treatment in patients with laryngeal pathology. 7 Papers reporting VHI-10 results were normalized to the standard VHI by multiplying the reported mean and standard deviation by the median (0.411, equating to multiplicative factor of 1/0.411, or 2.43) of previously published conversion ratios. 7 Sensitivity analysis was performed using the upper and lower extremes of the range of conversion ratios presented for a variety of pathologies; this did not change the findings of the meta-analysis. Given the international nature of this review, we also confirmed that translation of the VHI into each language involved had been assessed for validity. [8] [9] [10] [11] [12] [13] [14] 
Literature Search
A systematic literature search using PubMed, Medline, EMBASE, Scopus, Web of Science, and CINAHL was undertaken for papers available in the English language between 1997, when the VHI was published, and 2013. All papers were selected for abstract review that described voice outcomes as measured by the VHI in patients with early-stage glottic or laryngeal squamous cell carcinoma. The search strategy used is shown in Figure 1 . The search results were pooled and duplicate results removed. References of papers meeting criteria for systematic review were also cross checked to identify additional relevant papers. The study was exempt from Institutional Review Board review, as it used existing literature.
Systematic Review
Inclusion criteria for systematic review were defined as those papers comparing VHI outcomes for adult patients who had undergone primary TLM versus XRT for early glottic cancers. Abstract review was performed by 3 authors (M.T.G., N.P.P., P.L.) for inclusion in the systematic review. If title and abstract review did not provide sufficient data, the full text of the paper was screened for inclusion criteria.
Full-text review of each paper meeting the above inclusion criteria was independently performed by 2 authors using a standardized data abstraction sheet. Each author assessed the quality of the studies, and differences between reports were resolved by discussion. These quality judgments were summarized for each paper. Additionally the Newcastle-Ottawa Assessment Scale 15 was used to systematically assess study quality.
Meta-analysis
Inclusion in the meta-analysis required adequate reporting of the mean and standard deviation for XRT and TLM groups and an ability to differentiate the VHI results of T1 glottic carcinoma patients from those with Tis or more advanced cancer stages. Corresponding authors were contacted as needed to distinguish T1 stage tumor outcomes from other stages or to acquire additional data needed for meta-analysis. Papers with explicitly stated selection bias were excluded from the meta-analysis.
Statistical Methods
Meta-analysis was performed using Review Manager software available from the Cochrane Collaboration's website (RevMan 5.2). A random effects model was used given the heterogeneity inherent in the literature. Mean difference was used for statistical comparison to allow assessment of the clinical significance of the results obtained-that is, whether the results were within the test-retest variability of the VHI. In cases where VHI median and range were reported and further data were not available, mean and standard deviation were estimated using the method described by Hozo et al. 16 As a secondary analysis, the effects of more extensive surgical resection on VHI outcomes were also reviewed. VHI outcomes following class ELS 17, 18 (European Laryngological Society) I&II resection were compared to those following ELS III resection. Data were derived from papers included in the systematic review and several separate studies identified during the literature review process, including single-arm studies that reported only on post-TLM outcomes. If the data were not reported as being grouped between ELS I&II and ELS III, the mean and pooled standard deviation using Bessel's correction were calculated from the available reported data. A Student's t test was performed comparing VHI outcomes for ELS I&II and ELS III for those papers with enough information to perform this statistical test. Those without adequate information to allow comparison were considered not applicable.
Results
Literature Search
The initial literature search returned 374 results, 118 of which were unique, nonduplicate papers and abstracts. Reference cross-checking identified 82 additional papers of potential relevance for a total of 200 papers. Abstract and content review identified 18 papers meeting criteria for inclusion in the systematic review. All papers included were cohort studies comparing XRT with TLM excision; no randomized controlled trials were found. Several conference abstracts were also discovered in the computerized search, but none contained sufficient data for inclusion. Reasons for study exclusion are summarized in Figure 2 .
Systematic Review of Literature
Ten of the 18 papers selected for systematic review were excluded from the meta-analysis-5 for explicitly stated treatment selection bias, 1 due to incomplete VHI results, and 4 due to insufficient data for meta-analysis. [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] These papers are summarized in Table 1 , as they report informative and important data not represented in the results of meta-analysis. Two studies 19, 22 reported using the presence of intact mucosal wave on videostroboscopy to determine eligibility for TLM treatment and found VHI outcomes favoring TLM. The remainder of these relevant but excluded papers observed no significant difference (2 papers) or reported results favoring XRT (3 papers, of which 2 presented results in which T1 data could not be distinguished from those of other stages). Three additional papers did not allow us to distinguish between XRT and TLM results, as they were presented as a combined group in the context of other comparisons. [26] [27] [28] 
Meta-analysis: Study Quality and Results
Aspects of study quality for the 8 papers meeting inclusion criteria for meta-analysis are reviewed in Table 2 . [29] [30] [31] [32] [33] [34] [35] [36] Sources of possible patient selection bias included the lack of exclusion of patients with recurrence disease and/or the need for second treatment with either surgery or XRT in 3 studies. 29, 31, 34 Consecutive enrollment was carried out in 3 of the 8 papers, and 1 additional paper discussed prospective collection of voice outcome data. No studies incorporated randomization; most stated that treatment decisions were made by patient preference, 29,34-36 and 3 did not specify treatment selection methods. [30] [31] [32] The study by Sjogren et al 33 included patients staged T1a, and all patients were considered eligible for both treatment options with a historical treatment selection method; all patients after 1999 received TLM, and all patients prior to 1996 received XRT. Administration route of the VHI was variable. In many cases, it was difficult to determine the time from treatment to follow-up VHI assessment, but all papers had mean/median follow-up times .6 months. None of the included papers presented baseline VHI or data on the use of voice or other therapy. Comorbidity data were not available.
A total of 207 patients receiving XRT and 155 patients receiving transoral surgical excision were included in the meta-analysis. Demographic, treatment, and follow-up data are summarized in Table 3 . Most demonstrated similar age distribution and male preponderance with variable followup duration and stage (T1a and T1b) distribution. VHI results from the studies are listed in Figure 3 . Two of the included studies 29 showed nonsignificant differences between treatment modalities. Meta-analysis of the VHI outcomes slightly favored XRT over TLM resection but did not reach significance (mean difference, -5.52; 95% CI, -11.40, 0.36). Heterogeneity testing found significant heterogeneity in the data (x 2 = 17.79, P = .01, I 2 = 61%). Funnel plot showed no evidence for publication bias (not shown, available upon request).
Effect of Extent of Resection on VHI Outcomes
ELS classification of resection was available in 6 papers, including 2 that were included in the meta-analysis above and 4 identified during the systematic review but excluded from meta-analysis due to lack of a comparative XRT arm. While a majority of early-stage glottic lesions underwent ELS I or II resections, a large proportion of patients with known ELS classification underwent type III or greater resection. Generally, better VHI outcomes were reported following lower-(ELS I&II) versus higher-grade resections (ELS III), although none of these differences was statistically significant ( Table 4) . 31, [36] [37] [38] [39] [40] 
Discussion
Results of this meta-analysis suggest no significant difference between subjective voice outcomes following XRT versus surgery for treatment of T1 glottic carcinoma, with a trend toward slightly better scores in the XRT group. The quantitative difference between the XRT and TLM groups was within the test-retest reliability of the VHI. 6 Thus, these data suggest that differences in voice-related handicap outcomes between XRT and TLM are clinically negligible. These findings are in keeping with prior literature identifying comparable and relatively mild voice handicap following both treatment types. 4, 5, [41] [42] [43] A major strength of this meta-analysis is the inclusion of more primary papers than in prior studies due to the increased number of eligible publications in the literature as well as the willingness of corresponding authors to provide additional information as needed. Rigorous methodology was also used to minimize bias.
Despite these strengths, there remain caveats to the findings presented here. Most important, because treatment type was not randomly selected, treatment allocation is a source of probable bias. However, in the absence of randomized studies, this approach allows us to learn as much as possible from the existing literature in a systematic and consistent fashion. The subjective nature of the VHI also lends itself to the possibility of variability among patients and could be influenced by patient expectations and pretreatment counseling, which may reduce its sensitivity to more subtle changes in voice outcomes. We did not identify any papers that presented pretreatment VHI as a potentially important determinant of posttreatment VHI, and little information was available on the use of speech therapy. There may also be some cultural differences that influenced VHI scores across studies, although this would not be likely to account for differences between treatment groups within any given study.
Conceptually, more extensive vocal fold resections would be thought to worsen voice, and this analysis was included in this review given the high proportion of patients with T1 tumors undergoing ELS III or greater resections in the included studies. However, the current literature does not support such a correlation. This may be due to a true lack of significant difference, as has been proposed, 44 or may reflect a lack of statistical power to detect worse voice quality associated with greater resection. 37, 39, 45 The choice between treatment types requires consideration of a number of factors. Given that survival is similar between radiation and surgery (if not slightly better following surgery) 3,46-48 and that functional voice outcomes appear to be comparable, other characteristics need to be taken into account. While voice outcomes may be equivalent, issues of cost, duration of treatment (and time away from work), and organ preservation more consistently favor surgery in the current literature. 19, 42, [49] [50] [51] Taken together, these factors suggest that surgical excision should be given serious consideration when selecting treatment for T1 glottic carcinoma, although a careful discussion of the uncertainties, risks, and benefits of each method of treatment with the patient remains the cornerstone in treatment decision making for this disease. Limitations of the existing literature necessitate randomized studies comparing outcomes across different treatment types to add crucial additional information to this decision-making process.
Conclusions
VHI scores were comparable following XRT and TLM for T1 glottic carcinoma in the current literature, suggesting no clinically significant difference in functional voice outcomes between treatment types. No randomized studies were identified, highlighting a need for further investigation in this area. 
